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SECULAR DECAY OF GRANITIC ROCKS. 
BY CHARLES ROLLIN KEYES. 
The surface of Iowa, and of the neighboring states north and 
east as well, is strewn with boulders of granite, diabase, por-
phyry, and other igneous rocks in various stages of decomposi-
tion, and of all sizes, from a few inches to 50 feet or more in 
diameter. These are all more or less rounded or subspherical, 
though often flattened. They have all been transported by ice 
from the north. When traced back to their original ledges the 
latter are usually found to be very smooth and fresh, with prac-
tically no indications of decay. 
Beyond the glacial boundary southward, and in other parts 
of the world when undisturbed, massive crystalline rocks simi-
lar to those just mentioned are found disintegrated for many 
feet, frequently ac; much as 100. It is to some of the phenom-
ena connected with the decay of granitic rocks beyond the drift 
area that the attention is now called. 
On a former occasion* ;reference was made to phenomena 
illustrating this subject which were shown with remarkable 
clearness at Woodstock and Sykesville, on the Potapsco river, 
in Maryland, a few miles west of Baltimore. It was stated that 
in the quarries near the former place jointing was conspicuously 
presented, and that the horizontal divisional planes are partic-
ularly prominent, at first glance give the impression of true 
stratification. These principal joints extended for considerable 
distances. They were crossed by numerous inclined and verti-
cal planes of natural cleavage, which were usually much less 
prominent than the major lines just alluded to. 
There is another place, and one very much nearer home, in 
which the same phenomena are shown to even greater advan-
tage. This is in the Iron Mountain region of southeastern Mis-
souri. Reference has been made of them identically by Spencer, 
*Proc. Iowa Acad. Sci., Vol. I, pt. iii. pp. 22-24. Des Moines, 1893. 
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Haworth, Winslow, and one or two others, but they have 
not received the attention they deserve, since they are nowhere 
surpassed as examples of certain phases of secular decay of 
massive rocks. The best locality known is at Granitville, a few 
miles southwest of Iron Mountain. 
The early references to the crystalline rocks of this region 
allude to a peculiar though imperfect bedding observable in the 
different exposures; and it is probably this fact more than any 
other that leads to the general belief that most of the rocks were 
highly metamorphosed sedimentaries. This imperfectly devel-
oped stratification, which is apparent in the granites and por-
phyries, and in other regions in other massive crystallines also, 
arises in two ways. In the first place, the Missouri massive 
rocks are thought to be, in part at least, ancient effusivesorvol-
canics. They are presumably great masses of lava which have 
been poured out upon an old land surface, or perhaps built up 
in shallow waters. Almost every exposure throughout the 
region reveals the presence of seams which impart to the rock 
a rude stratified appearance. Planes of this kind are widely 
known in volcanic rocks, and in almost all massive formations 
which have cooled from the molten state. In the case of effu-
sive masses a decided lamination is frequently proquced by suc-
cessive flows which follow one after another at sufficiently long 
intervals to admit of a cooling and a partial solidification to 
take place at the surface of the different outpourings. Planes 
of separation are also commonly formed through contrac_tion in 
cooling. Volcanic rocks also show a slight diffe~ence in chem-
ical and mineralogical composition in different parts, which gives 
rise to a banding. When cooling takes place the difference in 
composition gives rise to divisional planes more or less parallel 
with one another, and also_ parallel with the surface. 
The second way in which the pseudo-stratification planes 
have developed in the massive rocks is through crustal move-
ments. Elevation of large areas as the result of orogenic 
pressure produces great stress, which must be relieved. Fold-
ing, faulting, and slaty cleavage are the results when the pres-
sure is very great; only jointing and false stratification arises 
when the strains are small. The effects are very different with 
different rock masses. If the body of the rock is hard and brit-
tle, as in the case of quartzites-the Sioux quartzite of .north-
western Iowa is a good example-the blocks are small, often 
scarcely a foot each way. If the rock is granite, diabase or 
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FIG. t. DISINTEGRATION OF GRANITE MASSES. 
IRON COUNTY, MO. 
FIG. 2. DECAY OF GRANITE ALONG JOINTING PLANES. 
IRON COUNTY, MO. 
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other tough stone, the blocks may be exceedingly large, some-
times several hundred yards intervening between the different. 
joint planes. Orogenic stresses may sometimes assist strains 
produced by contraction in cooling, and they operate largely in 
a single direction, most frequently horizontally, thus giving a 
well defined bedded aspect to the rock masses. The stratifica-
tion ascribed to some crystallines may, therefore. be regarded as 
secondarily acquired, and not as a primary condition obscured 
through metamorphic action. 
Jointing and the development of pseudo-stratification lines 
may be regarded as the first stages in the process of dissolu-
tion. (Plate ii.) In the regions farther north, within the limits 
of the glacial boundary, where granite or other hard massive 
rocks occur, the surface presents, as already stated, a remark-
able fresh appearance, all the effects of decay being strikingly 
absent. In comparatively recent times, geologically speaking, 
the glaciers removed all the loose material over which they 
passed, and the boulders from the old ledges in the far north 
now lie strewn over the surface of the country to the southward 
so far, approximately, as the Missouri and Ohio rivers. Beyond 
the line thus marked out ice invasions have not effected the 
rocks, which have long been decaying without serious interrup-
tion. In the crystalline area of Missouri all of the various 
stages of disintegation are well shown from the solid uneffected 
mass to the incoherent granitic sand. 
In addition to the horizontal divisional seams there are cer-
tain vertical ones nearly as prominent. They pass from granite 
to porphyry and other kinds of rock without regard to mass. 
As stated in the case of the horizontal planes of natural cleav-
age, the origin of the joints is due in part to contraction of the 
igneous masses during the original cooling, and in part to sub-
jection to severe torsion. The latter force is in all probability 
in action at the present time; for as will be shown in another 
place, crustal movements have taken place in very recent times 
and probably continue to the present. That systematic joint-
ing may actually arise from strains of this kind, has been satis-
factorily proven experimentally by Daubree*, and appears to 
find full confirmation in other extensive trials, as well as in 
the field. The most prominent jointing planes present a 
remarkable uniformity of direction. The results of a large 
* Etudes syn. a,, geol. Exner., p. 300. Paris, 1879. 
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number of observations taken in different places, and by differ-
ent persons, show, ac:iording to Haworth, that they have very 
slight variations in direction, the planes trending north 60 
degrees east. Only in a few cases were the deviations very 
marked. The various quarries, of course, exhibit the jointing 
phenomena best, though it is also well shown along the bluffs 
bordering the streams. 
A third series of prominent vertical seams have been made 
out by Dr. E. Haworth, who has been engaged· upon a petro-
graphical study of the rocks of this region, which makes angles 
of about 80 and 100 degrees with those just mentioned. In 
some cases joint planes, -very much less pronounced than any 
of the others, have been observed cutting the rock masses into 
rhomboidal blocks, though these are only locally developed. 
With the rock mj1SS subdivided into more or less rectangular 
blocks of varying size, access of metoric waters is readily per-
mitted and the seams become wider as the blocks begin to break 
down. The edges being attacked from two directions succumb 
more rapidly than the sides, and the corners effected on three 
sides break down still more rapidly. As a result there is even-
tually formed a more or less spherical mass from each block. 
These rounded masses or boulders are commonly separated 
from one another by greater or less thicknesses of granitic 
sand. (See figure 1, plate iii.) 
If undisturbed the process may go on for a depth of many 
feet, even a hundred or more, as is shown in many localities. A 
vertical section through a place thus decaying, as is sometimes 
shown in a quarry, imparts to the ledge an appearance of a 
great wall of cyclopean masonry. Layer after layer of huge, 
rounded blocks, rising one above another, with the regularity 
and precision of human efforts. The interior of the boulders 
in each case may be perfectly fresh and well adapted for build-
ing purposes. As the process of decomposition progresses the 
. amount of inter.stitial sand gradually increases and the rounded 
blocks become proportionately smaller. If at these stages run, 
ning water passes over the region, the blocks with rounded 
edges, stand out prominently as the sands around them are 
washed away, giving a striking tesselated appearance to the 
surface, or a characteristic roches moutonees appearance is. 
imparted. (Figure 2, plate iii.) If the sand is washed away at a 
later stage the boulders of all sizes are uncovered completely and 
stand out on the less decomposed ledges beneath. Some of 
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.. . 
"ELEPHANT ROCKS." GRANITE BOULDERS OF DISINTEGRATION. GRANITEVILLE. 
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these exhumed boulders, as they occur at Graniteville, in Iron 
county, where they are known as ''elephant rocks," are shown 
in plate iv. 
The final stage of .disintegration is the bed of sand with 
occasional decomposed pebbles of the original rock scattered 
through it. In the decomposition of granite the texture may 
remain in appearance as in the original rock, but upon excava-
tion is found to be soft, incoherent sand. 
RECORD OF THE GRINNELL DEEP BORING. 
BY ARTHUR J. JONES. 
Work was begun on the deep well in October, 1892, but it 
was not completed until the following year. The ordinary churn 
drill was used and the hole was first drilled eight inches in diam-
eter, but later the upper portion was enlarged to ten inches. 
The record has been more carefully kept than is usual in drill-
ing such wells, but cannot be relied upon as absolutely exact. 
In many cases the fragments of the overlying stratum are 
mixed with that underneath, and the thickness of each forma-
tion cannot be exactly determined. This renders the results 
only approximately correct, but it is believed that a fair degree 
of accuracy has been attained. 
The top of the well is at an elevation above the sea of 1,023 
feet. For 212 feet the drill passed through soil, loess and drift, 
but no record was kept. At this depth a hard limestone was 
encountered. The sample consists of small pieces of fine-
grained limestone mixed with sand and gravel. A few pieces 
of coal and bituminous slate, which could hardly have been 
introduced from the surface, were also present. It had been 
thought that the coal measures probably extended as far as Grin-
nell, but no positive evidence of this had been obtained pnor to the 
sinking of this well. The gravel is the base of the lower till 
and the limestone evidently Saint Louis. At this point a strong 
flow of water was encountered. It rose to within 90 feet of the 
surface; higher than at any subsequent flow. The water was 
unfit for use, being almost yellow and strongly mineral; it had 
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